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Method for producing a skin-formed polyurethane foam molded product. 



A method for producing a skin-formed polyurethane foam molded product, which comprises reacting a high 
molecular weight active hydrogen compound containing at least 80% by weight of a polyoxyalkylene polyol 
having from 2 to 8 hydroxyl groups and a hydroxy! value of from 3 to 60 (mgKOH g) and consisting essentially 
cjf from 20 to 100% by weight of the following component (a) and from 0 to 80% by weight of the following 
component (b), a chain extender and a polyisocyanate compound in a closed molding tool in the presence of a 
'latalyst and a blowing agent comprising as the main component, at least one member selected from the group 
consisting of water, a heat decomposable blowing agent capable of generating a gas upon heat decomposition 
and an inert gas: 

(a) a polyoxyalkylene polyol having from 2 to 8 hydroxyl groups and a hydroxy! value X (mgKOH g) of 
3<X<60, provided that when 3<^X<32.5. the total unsaturated degree Y(meq g) is Y<0.04. and when 
32.5^X<60, X and Y satisfy the relation of the following formula (I): 

^ Y^0.9/(X-10) (1) 

OQ or a polymer-dispersed polyol having such a polyoxyalkylene polyol as matrix, 

^ (b) a polyoxyalkylene polyol other than the above component (a), or a polymer-dispersed polyol having such 
a polyoxyalkylene polyol as matrix. 



00 



CO 

in 
m 



LU 



Rank Xerox (UK) Busint^ss Services 



BNSDOCID <eP. 055384eA2 I 



EP 0 553 848 A2 



The present mvention relates to a method for producmg a skm-formed polyurethane foam molded 

''°tf,ntegral-sk,r. polyurethar^e foam molded product has a skm layer ,ntegrally formed w,th a foam layer 
and^hus has excelLt elas.,c,ty and taCle properties. Therefore, ,t is w,dely used as mtenor part, fo, 
automobiles such as steering wheels, crush pads, head rests and arm rests. 

The ntegral-skir. polyurethane foam molded product can be prepared by controlhng foaming o the 
polyu ethate'Sarting material at the surface portion which .s in contact with the mner wall o -j'^mg 
too when a polyureLne foam ,s molded ,nk a closed molding tool, to form an '^^^^^^^^^^^ 
nteaTal-skm ,s usually the one m wh,ch the degree of foaming of the skin layer mcreases (i.e^the density 
Sas^s, from the surface of the molded product towards the mtenor, and in many cases, the boundary 
between the skin layer and the foam layer is not clear. 

The mechanism of formation of the integral-skin is considered to be as follows. I^amely, when 
expani.^^^o d.ng is conducted in a molding tool using a starting material containing as a blowing agem a 
crrofluorocarbon type blowing agent having a relatively high boiling point, at the surface person in contact 
J^^h tt^e Tner wall of the molding tool, the reaction heat is absorbed by the molding tool, and at the same 
Tme, the ch'orofluorocarbon-type blowing agent can not be evaporated due to the internal pressure of the 
moldina tool whereby an integral-skin layer is fornned. . ^ ^. ■ ;o 

Accordingly for L production of an integral-sk,n polyurethane foam, selection of the blowing agent is 
mosMmportan although it is of course necessary to select the polyol and the isocyanate suitable as 
^art no materials. Namely, it is necessary to use a blowing agent which will not be evaporated in the 
c I y oMh: inner wal, of'the molding tool at a temperature of from 30 to 40^0, '-f^^^^^-^^^en having 
a boiling point lower than the mold temperature. For this reason, trichlorofluoromethane (R-11) has been 
used which is a chlorofluorocarbon-type blowing agent 

However, the chlorofluorocarbon-type blowing agent such as R-.l is likely '° '^-^'^^V ^^f^;;""^^ fJ^J, 
which protects the earth, by the ozone-destruction chain reaction, and .t is desired to reduce the quantity of 

'water which discharges carbon dioxide upon ,ts reaction with an isocyanate ^^^^^'^.^^^f^ 
as a substitute for the chlorofluorocarbon-type blowing agent. However, it has drawbacks such that it 
rmbritMe resulting foam, and the amount of the polyisocyanate compound will thereby be increased, 
thurieadinTto a economical disadvantage. Further, for the production of an integral-sk.n Po'vu-thane 
foam.lt has been difficult to form an in.egral-skin by carbon dioxide which has a low boiling point and which 

'''T.:VseT2ZTZe found it possible to produce an integral-skin polyurethane foam molded 
product Thou using a chlorofluorocarbon-type blowing agen, such as R-11 and by using as a blowing 
agent a hea? decomposable blowing agent which generates a gas not-condensable at room 

remperature, such as carbon dioxide or ammonia, upon heat decomposition, or an inert gas such as air or 

""Tthf present invention, the integral-skin polyurethane foam molded product is a molded product 
having a no -foar^ed Jkin-layer of the same polyurethane material as the polyurethane foam integrally 
.0 formed at he amelme as the formation of the polyurethane foam at the time of molding the Polyurethane 
foLr Fulther," the present invention, the skin means not only the integral-skin but also a sk,n wherein the 
boundary to the foam layer is relatively clear as compared with the integral-skin. 

The above-mentioned problems have been solved by the present invention which ^'^^f'^^^^^^^^ 
oroducinq a skm-formed polyurethane foam molded product, which comprises reacting a high molecular 
.5 weTht a^tiJe yd ogen compound containing at least 80% by weight of a polyoxyalkylene polyol having 
ZTl to 8 hydroxyl groups and a hydroxyl value of from 3 to 60 (mgKOH.g) and consisting essentially of 
om 20 to 100% by weight of the following component (a) and from 0 to 80% by weight of the following 
omponent b) a chain extender and a polyisocyanate compound in a closed molding tool in the presence 
0? a catalys and a blowing agent comprising as the mam component, at least one member selected from 
the grolJ^Jonsisting of wator a heat decomposable blowing agent capable of generating a gas upon heat 

'iraC^o^'^kyTe^rporol having from 2 to 8 hydroxyl groups and a hyd.oxyl value X (mgKOHg) of 
3^X<60 prol!S^^^^^ 3.xl32.5, the total unsaturated degree Y(meq,g) is Y.0.04, and when 

32.5SXS60, X and Y satisfy the relation of the following fornnula (I): 
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Y<0.9(X-10) (1) 

or a polymer-dispersed polyol having such a polyoxyalkylene polyol as matrix. 
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(b) a polyoxyalkylene polyol other than tho above component (a), or a polymer-dispersed polyol having 
such a polyoxyalkylene polyol as matrix. 
Now, the present invention will be described in detail with reference to the pri:ferred embodiments. 
It IS known to produce a highly elastic polyurethane foam using a polyoxyalkylene polyol having a low 
5 total unsaturated degree such as the above component (a) or to produce a polyurethane- elastomer molded 
product by reaction injection molding, for example, as disclosed in the applicants' Japanese Examined 
Patent Publications No. 31130 t986 and No. 45730 1986 and Japanese Unexamined Patent Publication No. 
14812 1991. 

The reason is not clearly understood as to why a skin can be formed even by foaming by means of a 
10 non-condensable gas such as carbon dioxide when a polyoxyalkylene polyol havmg a low total unsaturated 
degree is used m the present invention. However, tt is considered that from such phenomena that as the 
unsatLirated degree of the starting material polyoxyalkylene polyol becomes low. an abrupt temperature rise 
occurs at a later stage of the polyurethane foam-forming reaction, whereby the temperature difference 
between the mold surface and the interior of the foam tends to be large, and this tendency becomes 
/5 remarkable when an organic metal catalyst and an amine catalyst to accelerate resinification are used m 
combination, resinification proceeds at the surface of the molding tool to form a skin-layer and subsequently 
foaming and resinification will take place in the interior to form a foam layer Further, as the unsaturated 
degree of the polyoxyalkylene polyol becoiries low, the amount of an unsaturated monooi contained therein 
tends to be small, i.e. the true number of average functional groups increases as compared with the one 
20 havin<j a high unsaturated degree. Thus, crosslinking points of polyurethane increases, and the molecular 
weight increases, whereby the resin strength will increase so that foaming in the skin-layer once forrrjed will 
be suppressed. 

Generally speaking, as the hydro^';yl value of the polyoxyalkylene polyol decreases (i.e. as the molecular 

weight increases), the unsaturated degree increases, because as the hydro'<yl value becomes low, the 
25 amount of an oyalkylene group having at least 3 carbon atoms, partniularly an o«ypropylene group, as the 
mam oxyalkylene group c>f the polyoxyalkylene polyol, increases. Accordingly, the amount of reaction of an 
alkylene oxide having at least 3 carbon atoms during its preparation tends to be large, and consequently, a 
side reaction of the same alkylene oxide (the reaction for forming unsaturated groups) tends to be 
substantial. 

30 Component (a) as the essential component in the present invention is a polyotyaikylene polyol having a 

hydroxyl value of from 3 to 60 (mgKOH g) and a low unsaturated degree The unsaturated degree of this 
component (a) is required to be not higher than 0.04 (meq g) Further, with the one having a relatively high 
hydroxyl value, the unsaturated degree is required to be lower. Namely, the relation between the hydroKyI 
value X (mgKOH g) and the unsaturated degree Y {meq g) is required to be such that when X is not higher 

35 than 32.5, Y is not higher than 0.04, and when X is at least 32.5, the relation represented by the above 
formula (1) (i e. Y is not higher than 0 9 (X-10)) must be satisfied. 

IVIore preferably, component (a) has a hydroxyl value of from 3 to 40 (mgKOH g) and an unsaturated 
degree of not higher than 0.03 (meq g). Still more preferably, component (a) is a polyoxyalkylene polyol 
having a hydroxyl value of from 3 to 35 (mgKOH g), and an unsaturated degree of not higher than 0.03 

40 (meq g). Further, the number of hydroxy! groups (the number of hydroxy! groups per molecule) is from 2 to 
8, preferably from 2 to 6. Further, component (a) may, of course be a rni^ture of two or more 
polyo-yalkylene potyols. In such a case, the average unsaturated degree, hydroxyl value and nurrrber of 
hydroxyl groups are within the above identified ranges. 

Further, component (a) is a polyo<yalkylene polyol containing mainly an o-^yalkylene group having at 

^5 least 3 carbon atoms. In the case of an oxyalkylene group having two carbon atoms i.e. an oxyethylene 
group, no side reaction to form an unsaturated group takes place in the reaction for its formation (the 
addition reaction of ethylene oxide) Accordingly, a polyoxyalkylene polyol having a tiigh proportion of 
oyethylene groups, has a low unsaturated degree. However, an integral-skin polyurethane foam molded 
product obtained from a polyoxyalkylene polyol having a high proportion of o^fvethylene groups, as the 

50 starting material, does not have practically satisfactory physical properties. Theiefore, component (a) is 
preferably a polyoxyalkylene polyoi containing mainly oxyalkylene groups having at least 3 carbon atoms, 
particularly oxypropylene groups derived from 1 .2-propylene oxide. 

As component (a), a polyoxyalkylene polyol containing at least 75°o by weight of oxyalkylene groups 
having at least 3 carbon atoms, particularly oxypropylene groups. It rmay contain o«yethylene groups, but 

55 the eContent of oxyethylene groups is preferably not higher than 20°o by weight. Further, the contained 
o>yethylene groups are preferably located at the terminals of the polyoyalkylene chains. As the hydroxyl 
groups bonded to such terminal oxyethylene groups are highly reactive, a polyoyalkylene polyol containing 
at least above 3°© by weight, particularly at least 5°© by weight, of oxyethylene groups at the terminal, is 

3 
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process usmg an alkan caici.y=> , H^nree and a 

-.-5 „ . ™— . — ,■ ■'"tzs'.:^'"'"^'^ 

iQ77Pfi.1985) may, ior example, be mentiont^u k 

^"TTJ: has f"m 2^ 8 hydro^. groups and a ^V^-); ;^":;j;rhyd xyl value is not h.ghe, than 

oxyalkylene cj-oups hav,ng a e st 3 ca bo ^^^^^^^^^^ ^^ ^^ ^^^^M^^'n 4ot by weTght' and 

content of at least 55 by weigi j ^b), various polyoxyalkylene P°'y°'^ hudroxvl value, a 
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alkylene o-:ides thereto, may be mentioned. These initiators may be used alone or tn combination as a 
mixture of two or more of them. A particularly preferred polyvalent initiator is a polyhydric alcohol. 

The hydroxyl groups m the above polyoxyalkylene polyols preferably contain highly reactive hydroxy! 
grc'ups I.e. primary hydroxyl groups in a high proportion. Especially in orde-r to conduct a reaction injection 

5 molding rmethod in which it is necessary to use a highly reactive starting material it is usually required that 
oxyethylene groups are present at terminals of molecular chams of polyoxyalkylene p)olyols 

Such polyoxyalkylene polyols can be obtained by adding ethylene oxide after adding an alkylene oxide 
having at least 3 carbon atoms such as 1 ,2-propylene oxide to a polyvalent inittator. Oxyethylene groups 
may also be present in the polyoxyalkylene chains. In a case where oxyethylene groups are provided at the 

10 terminals of polyoxyalkylene chains for the purpose of improving the reactivity, the content of oxyethylene 
groups is usually required to be at least 3% by weight, preferably at least 5°o by weight. 

The higher the content of oxyethylene groups in the polyoxyalkylene polyols, the higher the hydrophiiic 
nature of the resulting integral-skin polyurethane foam. In a case of a molded product useiri outdoors such 
as an air spoiler for automobiles, if the hydrophiiic nature is too high, the water absorptivity will be high, and 

75 the dirTiensional stability tends to deteriorate. Accordingly, the content of oxyethylene groups in all 
polyoxyalkylene polyols is preferably not larger than 35°o by weight, more preferably not larger than 25°o 
by weight. Further, in such c;ase, it is preferred that majority of oxyethylene groups are present at the 
terminal portions of molecular chains. In a case where the hydrophiiic nature of the integral-skin polyure- 
thane foarT) is not required to be low, the upper limit of the oxyethylene group content may not be so 

20 limited. 

As mentioned above, components (a) and (b) in the present invention maybe polymer-dispersed polyols 
having the above-mentioned polyoxyalkylene polyols as matrix. Further, they may be a polymer-dispersed 
polyol produced by using a mixture of polyoxyalkylene polyols of components (a) and (b) as matrix* A 
polymer-dispersed polyol is a dispersion having fine polymer particles dispersed in a stabilized condition In 

25 such matrix, and the polymer may be an additton-polymerized polymer c>r a polycondensation polymer. 

Fine polymer particles in the polymer-dispersed polyol may be composed of an addition-polymerized 
polymer such as a homopolymer or copolymer of acrylonitrile, styrene. methacrylate. acrylate or other vmy! 
monomer, or a polycondensation polymer such as polyester, a polyurea, a polyurethane or a melamine 
resm. By the presence of such fine polymer particles, the hydroxyl value of the entire pcilymer-dispc-rsed 

30 polyol is usually lower than the hydroxyl value of the matrix polyol. Accordingly, the overall hyciroxyl value 
of the polymer-dispersed polyol having the polyoxyalkylene polyol of component (a) as matrix is preferably 
at most 60, more preferably from 3 to 35. 

The content of fine polymer particles in the polymer-dispersed polyol or in a mixture thereof with the 
above polyoxyalkylene polyol. is usually at most 60% by weight, preferably at most 40% by weight. Th«=- 

.?5 amount of fine polymer particles is not necessarily be large, but a large amount may be used without any 
particular problem e<cept for economical disadvantage. In many cases, an amount of not higher than 20°o 
by weight is sufficiently effective. The presence of fine polymcir particles in the polyoxyalkylene polyols is 
not essential, but the presence is effective for improvement of the hardness, air permeability and C'lhcr 
physical properties of the resulting foam. 

40 The polyoxyalkylene polyol in the present invention consists essentially of the above component (a) or 

the above components (a) and (b). The combination is such that it comprises from 20 to 100°'© by weight of 
component (a) and from 0 to 80% by weigfit of component (b), based on the total amount of components 
(a) and (b). More preferably, it comprises from 50 to 100% by weight of component (a) and from 0 to 50°'o 
by weight of component (b). More preferably, it comprises from 70 to 100% by weight of component (a) 

45 arid from 0 to 30°o by weight of component (b). The average hydroxyl value of the mixture of the two 
[hereinafter represented by (a + b)] is required to be from 3 to 60 (mgKOH g) More preferably, the average 
hydroxyl value of (a + b) is from 3 to 40 (mgKOH g). Further, as mentioned above, the average oxyethylene 
group content of (a-*-b) is preferably not higher than 35% by weight, particularly not higher than 25°'o by 
weight. 

50 The high molecular weight active hydrogen compound as one of the mam starting materials for 

polyurethane is a compound having at least two active hydrogen-containing groups reactive with isocyanate 
groups, such as hydroxyl groups, primary amino groups, secondary amino groups, etc. in the pretsent 
invention, this high molecular weight active hydrogen compound is a compound having a molecular weight 
of at least 600. The high molecular weight active hydrogen compound in the present invention contains at 

55 least 80°b by weight of (a + b). It may contain other high molecular weight active hydrogen compound, but 
the amount of such an additional compound is at most 20°o by weight. 

In the present invention, a high molecular weight polyol or other high molecular weight active hydrogen 
compound may be incorporated as an optional component in addition to the polyoxyalkylene polyols (a + b) 

5 
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K no least two active hydrogen-contaimng groups , , eferred is a compound f.av,ng a 
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bonded on ail positions. 

In the case of the electron attracting groups, one or two are preferably bonded on the aromatic ring to 
which amino groups are bonded. It is of course acceptable that an electron attracting group and other 
substituent are bonded to one aromatic ring The carbon number of the alky I group, the alkoxy group and 
5 the alkylthio group is preferably not more than 4. and the cycloalkyi group is preferably a cyclohexyl group. 
The electron attracting group is preferably a halogen atom, a tnhalomethyl group, a nitro group, a cyano 
group and an alkoxycarbonyl group. Particularly preferred are a chlorine atom, a trifluoromethyl group and a 
nitro group. 

As the aliphatic polyamine, a diaminoalkane or a polyalkylene polyamine having at most 6 carbon 
10 atoms, or a polyamine obtained by converting a part or ail of the hydroxyl groups of a low molecular weight 
polyoxyalkyiene polyol to amino groups, may, for example, be mentioned. Further, a polyamine having an 
aromatic ring such as an aromatic compound having at least two aminoaikyi groups, an aromatic compound 

having a total of at least two aminoaikyi groups or such an aromatic compound having the above-mentioned 
substituents, may also be used. As the alicyclic polyamine, a cycloalkane having at least two ammo groups 
/5 and or amino aikyi groups, may bo mentioned. 

Specific examples of the amine-type chain e)<tender will be given below: 

1 -methyl-3.5-diethyl-2,4-(or 2,6)-diaminobenzene, mc»nochloro-p-diaminobenzene, 1 -methy!-3.5- 
dimethyithio-2,4-(or 2,6)-diaminobenzene, 1 -trifluoromethyl-3,5-diaminobenzene, 1 -tnfluoromethyi-4-chloro- 
3,5-diaminobenzene, 2,4-toluenediamine, 2,6-toluenediamine. bis(3,5-dimethyl-4-aminophenyl)methane, 4,4- 

20 diaminodiphenylmethane, ethylenediamine, 1 ,4-diaminohexane. 1 ,3-bis(amlnomethyl)cyclohexano and 
isophoronediamine. However, the amine-type chain extender is not limited to such specific examples 
Particularly preferred is a diammobenzene derivative such as a diethyltoluenediamine [one of or a mi>ture 
of 1-methyl-3,5-diethyl-2,4-diaminobenzene and 1-methyl-3.5-diethyl-2,6-diaminobenzene]. dimethyl- 
thiotoluenediamine, monochlorodiamtnobenzene or trifluoromethyldiaminobenzone. 

25 Another mam starting material for polyurothane is the polyisocyanate compound. As the polyisocyanate 

compound, an aromatic, alicyclic or aliphatic polyisocyanate having at least two isocyanate groups, a 
mixture of two or more such polyisocyanates, and a modified polyisocyanate obtained by the modification 
th€;reof, may be mentioned. Specifically, polyisocyanates such as tolylene diisocyanate (TDI), diphenyl- 
methane diisocyanate (MDI), polymethylenepolyphenyl diisocyanate (so called crude MDI), Kylylene 

30 diisocyanate (XDI). isophorone diisocyanate (IPDI) and hexamethylene diisocyanate (HMDI) and 
prepolymer-type modified products, nurate-modified products, urea-modified products and carbodiimide- 
modified products thereof, may be mentioned. 

A preferred polyisocyanate compound is the MDI-modified product, the crude MDI or a mixture of 
aromatic polyisocyanates containing one of them as the main component 

35 The polyisocyanate compound is used usually in an amount of at least 0.8 time in equivalent, relative to 

the total equivalent of the high molecular weight active hydrogen compound and the chain extender. The 
uppet limit is usually 1.5 times in equivalent, preferably 1.3 times in equivalent, when an isocyanate group- 
providing catalyst is not used. In the present invention, a preferred amount of the polyisocyanate compound 
to be used is from 0.8 to 1.3 times in equivalent, relative to the total equivalent of the high molecular weight 

40 active hydrogen compound and the chain extender. 

The blowing agent to be used in the present invention is a blowing agent containing as the main 
compound at least one member selected from the group consisting of water, a heat decomposable foaming 
agent capable of generating a gas upon heat decomposition and an inert gas. Water generates carbon 
dio'ide when reacted with a polyisocyanate compound. The gas generated by the heat decomposition of 

-^5 the heat decomposable blowing agent may, for example, be carbon dioxide, ammonia or nitrogen gas. The 
inert gas may, for example, be air or nitrogen gas. Such water, a heat decomposable blowing agent and an 
Inert gas may be used alone or in combination. Otherwise, they may be used in combination with other 
blowing agent. In the case of the combined use with other blowing agent, the amount of the gas (volume) 
generate-d by the blowing agent of the present invention is preferably larger than the amount of the gas 

50 generated by such other blowing agent. 

As the heat decomposable blowing agent in the present invention, a compound capable of discharging 
carbon dioxide or ammonia upon heat decorTiposition, is preferred. Such a heat decomposable blowing 
agent generates a gas when thermally decomposed under a high temperature atmosphere by the reaction 
heat during the formation of a polyurothane foam. The heat decomposition temperature is preferably from 

55 40 to 100 °C, particularly from 50 to 80 ' C. Specific compounds include, for example, ammonium 
carbonate, ammonium hydrogencarbonate and ammonium carbamate. They undergo decomposition at 
about 60 °C to generate carbon dioxide and ammonia. 
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. .ow,n, a,e. w.c. ,ene, .es a.,.on,a as ^^^^^^^^^ 

r3o::rrco:pra:r:i rr.u:.s o. o. .a.,on s... a. ... ... . no s.. 

The amount of the blow.ng agent such '^J^^^^ p,,,3 by weight of the h,gh molecular 

parts by weight, preferably from O.l to 5 par s bV w-ght^pe J.^^ after-nnent,oned blowing 

:^\ot:^^^^^^^^^^^^^ '^^"^ 

--rthrpTeT:;T,n.ent.on, as a blowing agenu 

blowing agent such as R-n js ^^'f ' fu e a hydrochlorofluorocarbon (HCFC)-type Uowing 

agent is to be used in combination, it prefer. ed to u J (HCC)-type blowing agent or a 

agent, a hydrofluorocarbon (HFC)-type , ^jtJ.oroethane, , >dichloro-2,2,2-trif.uoroethane^ 

hydrocarbon-type blow.ng agent. For example, 1 J dichbro ^^^^^^^^^^ 
, methylene chloride, butane, pentane, 'S^P^^'^J^^^^J^;, particularly limited. However, when used 
amount of such a blowing agent to be "^'^^.^ ,y ,p'to 12 parts by weight, particularly up to 

,n combination with water, such a blowing agent - ^^^^^^^^^^^^ J 3,,,,, .y^rogen compound. 
8 parts by weight, per 100 parts by weight o the high m^^^^^^ above-mentioned blowing agent useful in 
in the present invention it is not '''1""^^'°^^^^^^^ blowing agent. For example, by using 
combination, pa.ticularly a low boiling P°'"J,; f ;;7,°f3°33t,acto,y Integral-skin polyurethane foam, 
only water as the blowing agent, it is possible '° P^^^^^y/^^ ,',3 necessary to use a catalyst. As the 
When the polyol and the polyisocyanate ^^^^^^^^^^^ f;;; 3 compound which promotes the reaction 
catalyst to be used in the present invention, it P^^'^'-^^^ ^^^^^^ ^ ^^ain extender or a polyoxyalkylene 
of socyanate groups with active ^vdrogen con a- ng g^^^^^^^^ 

polyol, so-called a resinification '-^^'l^^l^^l^^^^^^^^ reaction, a metal compound-type 

a foaming reaction. As the catalys ^^•^'^'^ P'°^f 
catalyst or a certain amine-.ype f f ^ ' ^1 ^ pmmote a foa-mg reaction. However, some of amine- 
of a polyurethane foam is a catalyst P;''"",^^ ,ather than the foaming reaction. As the 

type catalysts have an action to promote '^--^ f^ I^.^ 3, amine-type catalyst having an action to 
3, amine-type catalyst to be used -n the PJf '°,";3;;'oss,ble to use a catalys. which promotes the 

sr: rac^ rreirr^^^^^^^^^^^ °o^- - - - -^^'^^^ ' 

r aSl^e catalyst having an a.on . P^mcje - re„^^ ;sj- - 

amount is usually at most 5 parts by -^'9*^';, P^^'^'"^^ ....a The metal compound-type catalyst ,s used 
weigh, Of the high -f-ular weight ac v^^^^^^^^ ^JeCrom 0.00, to O S part by weight. Such two 
usually in an amount of a, most ^ paKs y a 

catalysts may be used alone or 3,,^ .^vention may, for example, be an organic tin 

tadecylimida^ole. ^^3^1, .socyanate groups to one another, such as a 

Further, an isocyanate groop-provid.ng "^J^^^ ^ '^^^t.' ,opyl)hexahydro-S-triazine, may be used as the 
r.e,al sal, o, a carboxylic acid or N.N.N-tns(dimethylarn^nj,o^^^^ ) ^^^^^ ^^^^.^^^ ^^.^^ ^^^3,^3^ 33 
case requires. Further, this catalyst may be used - -m^^^^^^^^^ b,(2-dimethylaminoe,hyl)e,her. n 

catalyst for promoting a ^^^^' ^".;37V,oam s.abili.er for forming good foam, is used in r.any 

^XZrZ:^^ r^li^onttrpf f:anabi,i.or or a fluonne-containing compound-type foam 
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stabilizer may. for example, be mentioned. Other optional additives include, for example, a filler, a stabilizer, 
a coloring agent and a flame retardant. 

Molding of the integral-skin polyurethane foam is preferably conducted by a method of injecting the 
reactive mixture into a molding tool by means of a high pressure blowing machine {i.e. a reaction inje^ction 
5 molding method) As the high pressure blowing machine, it is preferred to employ a usual type wherein two 
liquid components are mixed. Usually, one component thereof is a component containing a polyisocyanate 
compound, and the other component is a component containing a mixture of all starting materials other than 
the polyisocyanate compound. In some cases, it is possible to form a reactive mixture for injection by a 
total of three components including a separate component comprising a catalyst or a foam breaker (usually 
fo used as dispersed or dissolved in a part of the high molecular weight polyol). 

Heretofore, it has been believed essential to use R-11 as a blowing agent for an integral-skin 
polyurethane foam. However, according to the present invention, an excellent skin can be formed without 
using a CFC-type blowing agent like R-n. Further, an eKcellent skin can be formed without nocessartly 
using a blowing agent comprising HCFC or other low boiling point organic compound. Namely, by using a 
15 polyo<yalkylene polyol having a low unsaturated degree, it has been made possible to form a skin by using 
only water or a heat decomposable blowing agent as the blowing agent. 

Now, the present invention will be described in further detail with reference to Examples, However, it 
should be understood that the present invention is by no means restricted to such specific Examples. 
Starting materials used in Examples and Comparative Example 

20 

I. High molecular weight active hydrogen compounds 

Polyoxyalkylene polyols A1 to A6, and amino group-containing polyoxyalkylene compound B were 

used. At to A6 are polyoxypropylene oyyethylene polyols having oxyethylene groups only at the oxyal- 
25 kylene chain terminals. The molecular weights, the; number of functional groups, the oxyethylene group 
contents (EO group contents) (% by weight), the unsaturated degrees (meq g) and the hydro ^-y I values 
(mgKOH g) thereof are shown in Table 1 B is "Jefermin T5000". trade name, which is believed to be a 
polyoxypropylene- triamine obtained by converting hydroxyl groups of a polyoxypropylene triol having a 
molecular weight of 5000 to primary amino groups 

30 

II. Cham extenders 

D1 to D3 as identified in Table 2 were used. 
35 III. Catalysts 

Amine-type catalysts F1 to F6 and metal compound-type catalysts G1 to G5 as identified in Table 2 
were used. Among them. F1 and F6 are usual amine-type catalysts for promoting a foaming reaction. 

40 IV. Foam stabilizer 

A commercially available silicone foam stabilizer ("SF-2962", trade name) was used as foam stabilizer 

H. 

•^5 V. Blowing agents 

Blowing agents K1 to K5 as identified in Table 2 were used. 
VI. Polyisocyanate compound 

50 

A commercially available modified MD! ("Coronate 1062". trade name) was used as polyisocyanate 
compound N. The isocyanate group content of this compound was 27.0% by weight. 

The above identified starting materials were used in the proportions as identified in Tables 3 to 5 
(numerical values represent parts by weight). Among them, the polyisocyanate compound was put into one 
55 Starting material tank of a reaction injection molding machine (high prc-ssure blowing machine), and its liquid 
temperature was adjusted to a level of from 20 to 40 'C. On the other hand, a mixture comprising the polyol 
compound, the chain extender, the catalyst, etc. was put into the other starting matenal tank of the reaction 
injection molding machine, and its liquid terr>perature was adjusted to a level of from 20 to 40 °C. 

9 
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The two startinq materials were mixed ,n such a proportion that the isocyanate index became 105. and 
The two starting mater a , equivalent of isocyanate compound 

rtC;::^:: a t,::: " .ntecon was conducted under an in.ection pressure o, 

to 1 equ.vaieni ui ai a y y n As the molding tool, a mold having an internal size of 300 

Z 500 r To ::^r Jatuiran^d thC m"d temperature was adiusted to a leve, ot .om 40 to 

'''le s.n.torming states of the resulting mtegral-skln foam ..e. the density of the -Ided product 
(gem') and the thickness of the skin (mm) are shown in Tables 3 to 5. Example 13 represents 
Comparative Example. 

Table 1 



Polyols 


Molecular weight 


Number of 
functional groups 


Content of 
EO groups 


Unsaturated degree 


Hydroxy! value 


Al 
A2 
A3 
A4 

A5 
A6 


13000 
10000 
6000 
6000 
4000 
2500 


4 
3 
3 
3 
2 
2 


8 

12 

8 

15 

20 

31 


0.027 
0.028 
0.026 
0.070 
0.070 
0.035 


17 
16.8 
28 
28 
28 
45 



Table 2 



25 



30 



35 



40 



Chain extender D1 
Chain extender D2 
Chain extender D3 
Catalyst Fl 
Catalyst F2 
Catalyst F3 
Catalyst F4 
Catalyst F5 
Catalyst F6 
Catalyst G1 
Catalyst G2 
Catalyst G3 
Catalyst G4 
Catalyst G5 
Blowing agent Kl 
Blowing agent K2 
Blowing agent K3 
Blowing agent K4 
Blowing agent K5 



Ethylene glycol 
1 ,4-Butanediol 
m-Xylylenediamine 

Triethylenediamine-DPG solution ("Dabco-33LV" trade name) 
DBU 

DBU phenol salt 

1 ,2-Dimethylimldazole 

1 -lsobutyl-2-methylimidazole 
bis(2-Dimethylaminoethyl)ether 
Dibutyl tin dilaurate 

Lead octylate (57 wt%)-mineralterpene solution 
Bismuth-2-ethyl hexanoate 

Zinc thiodecanoate 

Dioctyl tin-containing sulfur ester ("UL-29" trade name) 
Water 

Ammonium carbonate powder 
Ammonium hydrogen carbonate powder 
Ammonium carbamate powder 

Ammonium carbamate (20 wt%)-ethylene glycol solution 
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Table 3 



w 



15 



Example No. 


1 


2 


3 


4 


5 


1 


A1:100 
- 


Al:100 
- 


A1:100 
- 


A2:100 
- 


A2:100 
- 


il 


Dl:5 


Dl:5 


02:7 


D1:5 


D1;5 


III 


F2:0.8 


F5:2.0 


F3:1.5 


F2:0.5 


F4:2.0 




F6:0- 1 




F6:0.2 




F6:G 1 




G2:0.0t 








G3:0.02 


IV 


H:0.5 








H:0.5 


V 


K2:0.5 


K1;0.3 


K3:0.5 


K4:0.2 


K5:0.5 


VI 


N:31 3 


N:36.8 


N:30.3 


N:31.3 


N:33.4 


Density 


0.60 


0.65 


0.68 


0.63 


0.66 


Thickness 


1.5 


1.2 


0-8 


1.2 


1.5 



Table 4 

25 





Example No. 


6 


7 


8 


9 


10 




1 


A2;100 


A3: 100 


A3; 100 


A3: 100 


A4:100 


30 




B:5 












II 


D2:7 
D3:0.3 


D1:5 


D1:5 


D2:7 


D1:5 


35 


IN 


Fl:0.3 


F4:1.0 


F3:1.5 


F2:0.5 


F1:1.5 




F4:1 0 
F6:0.3 


F5:1.0 
G1:0.01 


F6:0.05 


F3:0.5 
G3:0.03 






IV 






H:0.3 






40 


V 


Kl:0.5 


K1:0 3 


K2:0.5 


K4:0 1 


K1:0.3 








K4:0 2 


K5:0.5 






VI 


N:35.5 


N:37.2 


N:34.5 


N:33.5 


N:42.4 




Density 


0.58 


0.61 


0.61 


0.70 


0.68 


45 


Thickness 


1.7 


1.5 


0.7 


1.3 


0.2 
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Table 5 



Example No. 


11 


12 


13 


14 


1 


A2:80 
A5:20 


A2:50 
A5.50 


A2:20 
A5:80 


A 1:70 
A5:20 
A6:10 


II 


D1:5 


D1:5 


D1:5 


Dl :5 


III 


Fl:0.5 
F5:1 0 
G5:0.1 


F1:0.5 
F5:1.0 
G5:0.1 


Fl:0.5 
F5:1.0 
G5:0.1 


F5:2.0 


IV 










V 


K1:0.5 


K1:0.5 


Kl;0.5 


K1:0.6 


VI 


N:38.3 


N:39.2 


N:40.1 


N:41.2 


Density 
Thickness 


0.63 
1.5 


0.62 
1.1 


0.59 
0.6 


0.63 
1.0 
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ailtolt lo lo™ . *,n b, loan„.n<, '"»^< "^'^J''" ,LntL^>oWabi«ty of an in»g,al.*,n 

Claims 

high „,olecular wo.ghl active hydrogen compound ""'''"^ ' „„„' 3 10 60 (mgKOH g, and 

.vine po„o, ^ Twe* 0 r^rrnrco^ponen, ,a, and „on, 0 ,0 80-. 

consisling essent.ally ol Itom 20 10 100 . W polyisocyanale compound ,n a closed 

b, we.,h, of .h, lo»0».n9 "^^"'T'Z'^ . b o»«g agen. comprising as the main component, at 
r "o'n'™::: s^SdM' STouP cVnlmg "o, Lte,. a heat decomposable b«lng agent 
capable o. generating a gas upon heat "^^^y Tg™ ps^and a hydro^yl value X (mgKOHg, 

V,megg, ts v.0 „. .no «nen 

32.5'^Xi60, X and Y satisfy the relation of the following formula (I): 
Y^0.9(X-10) (1) 

:;rp'o'^:s=^c^^r=th::Ve^r:=^ 

having such a polyoxyalkylene polyol as matrix. 

^ ryo:^sinrs;y*Cngrm .^oirixr^c;- sri.=r;SoHg' 

and a total unsaturated degree of not more than 0.03 (meq g) 

H ,n riAim 3 wherein the polyoxyalkylene polyol of component (a) .s a 
XoTy^ryler^rol LSnn'o^yTopylene g.»P content o, at least .e. by weigh, and an 
oxyetnylone group content ol from 0 to 20". by «e,ght. 
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5. The method according to Claim 1, wherein the polyoxyaikylene polyol of component (b) is a 
polyoxyalkylene polyol having from 2 to 8 hydroxy I groups and a hydroxyl value of from 20 to 110 
(mgKOHg). 

6. The method according to Claim 1 , wherein the blowing agent consists essentially of water. 

7. The method according to Claim 1, wherein the heat decomposable blowing agent is a heat decom- 
posable blowing agent capable of generating at least one member selected from the group consisting 
of carbon dioxide and ammonia, upon heat decomposition. 

8. The method according to Claim 1, wherein the blowing agent is used in an amount of from 0.1 to 3 
parts by weight per 100 parts by weight of the high molecular weight active hydrogen compound. 

9. The method according to Claim 1, wherein the thickness of the skin layer obtained is at least 0.5 mm. 

10. The method according to Claim 1. wherein the integral-skin polyurethane foam molded product is 
produced by reaction injection molding using two components i.e. a component containing the high 
molecular weight active hydrogen compound and the chain extender and a component containing the 
polyisocyanate compound. 
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t^j Method for producing a skin-formed polyurethane foam molded product. 



< ^) A method for producing a skin-formed polyure- 
thane foam molded product, which comprises reac- 
ting a high molecular weight active hydrogen com- 
(Vj pound containing at least 80% by weight of a 
^ polyoxyalkylene polyol having from 2 to 8 hydroxyl 
^ groups and a hydroxy! value of from 3 to 60 
^ (mgKOH g) and consisting essentially of from 20 to 
00 100% by weight of the following component (a) and 
^ from 0 to 80% by weight of the following component 
If) (b), a chain extender and a polyisocyanate com- 
lO fiound in a closed molding tool in the presence of a 
Q catalyst and a blowing agent comprising as the main 
component, at least one member selected from the 
^ group consisting of water, a heat decomposable 
blowing agent capable of generating a gas upon heat 
decomposition and an inert gas: 



(a) a polyoxyalkylene polyol having from 2 to 8 
hydroxyl groups and a hydroxyl value X 
(mgKOHg) of 35XS60, provided that when 
3<X5^32.5, the total unsaturated degree Y(meq g) 
is Y<0.04. and when 32.5<X$:60. X and Y satisfy 
the relation of the following formula (I): 

Y<0.9(X-10) (1) 

or a polymer-dispersed p' ol having such a 
polyoxyalkylene polyol as matrix, 

(b) a polyoxyalkylene polyol other than the above 
component (a), or a polymer-dispersed polyol 
having such a polyoxyalkylene polyol as matrix. 
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